Calf starter was offered to 40 calves in a plastic bucket or from a nipple bottle, and intake, growth, and selected blood parameters were measured. The nipple was designed with a large opening to allow feed particles to pass through the nipple during meals. Calves began the study at 7 d of age and were fed for 56 d. A commercially prepared calf starter was offered for ad libitum consumption from d 1 of the study, and commercial milk replacer was offered at 10% of BW to weaning at 6 wk of the study. No effects of treatment on intake, rates of gain, feed efficiency, blood BHBA or plasma glucose, urea N, or NEFA were observed. Consumption of starter DM exceeded 1.9 kg/d by wk 8 of the study. Concentration of blood parameters changed in a fashion consistent with developing ruminal function. Calf starter fed from a plastic nipple bottle promoted starter intake as effectively as did starter fed from plastic buckets.
INTRODUCTION
Reducing the age at which calves are weaned generally is more cost effective than delaying weaning, improves calf health, and reduces costs associated with increased mor-bidity and mortality. Calves have been weaned early by promoting early intake of dry feed by addition of prestarters to milk (1) or by calf starter (5) or prestarter (8) fed in plastic bottles fitted with large nipples designed to allow small feed particles to pass when the calf nurses (Braden Start Bottle; Braden Industries, Sulphur Springs, TX). Use of nipple bottles to promote early grain intake generally has been successful. McGahee et al. (5) and Quigley et al. (8) reported earlier initiation of grain intake when grain was offered through nipple bottles compared with grain fed in open buckets, although rates of gain were unaffected in both studies. Because initiation of dry feed intake is requisite for development of ruminal function (1, 9, ll), calves consuming feed at an earlier age may be prepared sooner for weaning, thereby reducing overall costs to the dairy enterprise.
In other reports using plastic nipple bottles (5, 8), calves fed starter from bottles were weaned at different ages than calves fed from buckets. Whether use of bottles in a conventional feeding program affects intake, rates of gain, or feed efficiency is not clear. Therefore, our objective was to measure intake, gain, and feed efficiency in calves fed calf starter from plastic nipple bottles or from buckets.
MATERIALS AND METHODS

Calf Asrlgnments and Design
Forty Holstein calves (20 bulls and 20 heifers) were blocked by sex and calving date and assigned randomly within blocks to a 2 x 2 factorial arrangement of housing (an unheated calf barn or individual hutches) and method of feeding (plastic bucket or nipple bottle). Maternal colostrum (2 L) was fed as soon as possible after birth and 12 h later. The BW of each calf was recorded, and the navel was dipped in .94 .01 1n = 5. 2n = 6. 3Not determined, iodine solution prior to beginning the study. Milk replacer was offered twice daily until calves were assigned to the study at 7 d (SE = .4) of age. Calves were fed a commercially prepared pelleted calf starter (Braden Bottle Calf Starter Pellets with Calf Manna; Manna Pro, St. Louis, MO). Bottles were hung from the side of each stall or hutch according to manufacturer's recommendations. Calf starter was fed once daily for ad libitum consumption throughout the study. Calves were fed commercial milk replacer (Maxi-Lac; Tennessee Farmers Cooperative, LaVergne, TN) twice daily at 10% of BW to weaning at 42 d of the study. Amount of milk replacer offered was adjusted weekly. Water was available at all times.
Sampling and Data Collection
Calves were weighed at the beginning of the study and every 7 d thereafter to 56 d. Intakes of calf starter and milk replacer were measured daily and recorded weekly. Starter and milk replacer were sampled weekly and composited monthly for analysis of DM, CP, ash (2), NDF (4, lo), Ca, and P (atomic absorption spectrophotometry). Incidences of health problems were recorded for each calf.
Jugular blood (approximately 10 ml) was collected approximately 4 h after the a.m. feeding at 0, 2, 4, 6, and 8 wk of the study. A 2-ml subsample was deproteinated immediately with 2 ml of 1 M HC104 and placed on ice prior to analysis of BHBA (12). Remaining blood was added to 400 p1 of 6% EDTA prior to separation of plasma and analysis of glucose (glucose kit 510; Sigma Chemical Co., St. Louis, MO), urea N (urea kit 640; Sigma Chemical Co.), and NEFA (NEFA-C kit; Wako Pure Chemicals, Osaka, Japan).
Statistical Analysin
Data were analyzed as a repeated measures experimental design using a general linear mixed model algorithm ( = effect of week x treatment interaction; and efijk) = error. Block x treatment interaction was used to test effects of treatment. Orthogonal contrasts were used to differentiate effects of housing, feeding method, and interaction. Significance of P c .05 was used unless otherwise noted.
RESULTS AND DISCUSSION
Calves generally were healthy throughout the study. Incidence of disease was minimal and unrelated to treatment. Two calves died during the study and were not replaced; therefore, least squares means are presented. Calf starter contained more CP than formulated (Table l); consequently, protein intake exceeded NRC (6) recommendations throughout the study.
No effects of housing or feeding method were observed on BW, average daily gain, intake of starter, milk replacer, DM, CP, or feed efficiency (Table 2) . Although others reported increased intake of starter (5) or prestarter (8) prior to weaning, no effect of method of feeding on starter intake was observed during the first few weeks of the study. Intake of starter between treatments groups varied by 10, 17, and 48 g/d during the first 3 wk of the study, respectively. Starter consumption exceeded 1.9 kg/d of DM from bottles and buckets by the last week of the study. Although calves may have difficulty obtaining large amounts of starter from the nipple, these data suggest that intake up to 1.9 kg/d of DM (2.1 kg/d as fed) was not limited by method of feeding.
Calves lost BW during wk 1 of the study, apparently because of stress of changes in management at the initiation of the study. Thereafter, rates of BW gain were positive and peaked at 724 g/d during wk 6. Weaning reduced average daily gain and feed efficiency during wk 7 and 8.
All measured blood parameters were unaffected by treatment ( Table 3) . Concentration of blood BHBA increased (P c .Ol) as starter intake increased and then increased by 39 and 34% at wk 6 and 8, respectively. Blood BHBA was somewhat higher prior to weaning than in previous studies (7) ; rate of change was consistent with increasing dry feed intake. Plasma glucose declined until weaning, and plasma urea N increased (P c .01) markedly at wk 8. Plasma NEFA declined linearly with increasing age. All metabolites indicated a transition at weaning (7) as calves began to rely on ruminal fermentation to supply a significant 
CONCLUSIONS
Braden Start Bottles are an acceptable replacement for plastic buckets for feeding starter to calves up to 8 wk of age. Intake, growth, and feed efficiency were unaffected when bottles were used. This method of feeding management may be particularly effective when calf starter is exposed to moisture or insects or when calf starter is not replaced daily.
